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ABSTRACT 

One of the major objectives of the current phase of the SP-100 program is to 

demonstrate the performance of a full-scale, prototypic nuclear subsystem of a 

100 kWe space nuclear power supply. Such a test is planned at the SP-100 Test 

Site located at United States Department of Energy facilities near Richland, 

Washington. 

Considerations involved in selecting a design for the central, integrated 

facility control system which will control and monitor the performance of the 

nuclear subsystem and supporting facility systems are discussed. These 

considerations have been translated into the design of a modern, commercially 

available, microprocessor based control and monitoring system, using color 

graphics techniques for the operator interface. 

INTRODUCTION 

One of the first phases of the development of the SP-100 space power system 

includes the ground testing of a prototype of the nuclear reactor and portions 

of the supporting systems. This Nuclear Assembly Test (NAT) is scheduled to 

begin operation in January 1992. To support this testing, an existing facility 
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is being modified at the Hanford Site in Richland, Washington. The test 

facility is located in an existing containment structure and service building 

formerly used for tests of the Plutonium Recycle Test Reactor in the early 

1960s. Extensive modifications and refurbishment are taking place in order to 

bring it up to modern standards for nuclear facilities. Among the improvements 

is the installation of a new centralized facility control system. 

During the past decade, some remarkable improvements have taken place in the 

process control field. The advent of inexpensive microprocessors and the 

development of user oriented color graphics displays have revolutionized the 

tools available to the controls engineer. At a recent seminar in Richland, it 

was pointed out by several speakers that microprocessors are replacing 

electromechanical relays in nuclear power plants. The application of these 

modern systems to the SP-100 Ground Engineering System Test Site is described. 

DESCRIPTION OF FACILITY SYSTEMS 

The facility consists of a containment structure in which the test assembly, 

designed and supplied by GE, and supporting systems provided by the Test Site, 

will be installed. The facility has been described in detail in a previous 

symposium paper (Miller et al. 1987) and updated in a paper presented in the 

current symposium (Cox et al. 1933). Figure 1 is a cutaway view of the 

facility structure. 

The major systems to be controlled and monitored are: 
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0 The NAT assembly, consisting of a 2.5 MW (thermal) reactor, a lithium 

cooled primary heat transport system, and reactor instrumentation and 

controls; 

0 A sodium cooled secondary heat transport system which accepts heat from 

the intermediate heat exchanger (part of the test assembly) and transfers 

it to the atmosphere in a dump heat exchanger; 

0 An ultra high vacuum system which maintains spacelike conditions in a 

large vacuum vessel in which the test assembly is housed; 

0 An electrical power system, consisting of normal power, emergency power, 

and Nuclear Safety Class IE power as defined in Institute of Electrical 

and Electronic Engineers (IEEE) standards for nuclear power plants; 

0 Auxiliary systems, such as liquid metal processing and trace heating; and 

0 Building and utility systems, such as instrument air and heating, 

ventilating and air conditioning. 

The facility also has a plant protection system, completely independent of the 

normal facility control system, which meets the safety system requirements of 

Njclear Regulatory Guides whicn apply to this type of facility. The design of 

facility safety systems will not be discussed. 



DESIGN CONSIDERATIONS 

Safety Classification 

The facility control system will be a Non-Safety Class system as defined in 

Nuclear Regulatory Guides. All safety functions will be performed by the plant 

protection system and supporting engineered safety features. 

Operating Crew Size 

The facility is being designed for operation by no more than four operators on 

each shift. A shift crew consists of a supervisor, an operations engineer, and 

two technicians. This requires that as much control as practical must reside 

in the control room, with a minimum of "local" controls except where they are 

in addition to the main controls. 

Test Plan Uncertainties 

While the basic requirements for test assembly and facility system control and 

monitoring are known, the designs of both are not complete. Definitive design 

of the facility has just recently begun. This means that the "acility control 

system must be flexible enough to accommodate design chances and must be 

expandable in terms of numbers of input and output channels. 
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Schedular Constraints 

The present schedule for start of testing is an aggressive one. It is 

essential that the facility control system be available early in the startup of 

the facility. This translates into the requirement for a commercially 

available, field proven turnkey system. Fortunately, many vendors can now 

provide this equipment. 

DESCRIPTION OF FACILITY CONTROL SYSTEM DESIGN 

Controlled Systems 

The primary controlled system will be the test assembly. A flight-like 

controller will be supplied by GE with the test assembly. Part of the test 

plan is the verification of this controller. It controls all reactor and 

primary heat transport system functions, but will be connected to the facility 

control system so that the operator in the control room is able to adjust 

setpoints and monitor performance. 

Most of the major facility systems require only a few closed loops, which 

control such variables as temperature, flow rate, and level. Perhaps the most 

complicated of these is the control cf the temperature of the liquid sodium as 

it leaves the sodium-to-air heat exchanger. This involves the proper 

manipulation of two sets of dampers and two fans. Tne appropriate control 

scheme will be selected on the basis of a computer model of the secondary heat 

transport system. 
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The vacuum system is being procured as a turnkey package, but it, too, must be 

monitored and adjusted from the control room. 

The electric power system requires setup of breaker alignments, load 

assignments and automatic actions in the event of power failures. 

The liquid metal systems require trace heating, which is accomplished using 

closed loop control of power to resistance heaters, based upon piping and 

component temperatures. This function will be allocated to a separately 

procured control system. 

In addition to closed loop control requirements, there are many open loop 

actions such as valve positioning and on/off switching of equipment. 

The basic design premise is that control of all facility parameters will reside 

in the control room unless that is clearly undesirable. 

The majority of sensors and actuated devices are located within containment. 

Those outside containment are primarily associated with the secondary heat 

transport system. A very important consideration is the minimizing of 

containment penetrations, including cables, because cf the high cost cf nuclear 

grade penetrations and the increased effort required to assure that the 

containment is sealed from the external environment. 
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Facility Control System Design 

The system has been designed as a commercial, distributed, microprocessor-

based system, with color graphics cathode ray tube (CRT) operator interfaces. 

It will be procured on a turnkey basis by competitive bid based on a functional 

specification. A block diagram of the major components is shown in Figure 2. 

The facility contains a central control room from which operators can adjust 

set points, monitor selected facility and test assembly parameters, and 

initiate manual emergency shutdown of the reactor and heat transport systems. 

A database will be automatically updated at regular intervals, and the 

parameter values which it contains will be available for use by the control 

systems, for operator displays, for alarming, and for historical files, plots 

and printouts. 

Microprocessor based process controllers, and input/output hardware and 

software will be distributed in racks strategically located throughout the 

facility to minimize cable runs. Set points will be transmitted to the remote 

racks from the control room, and monitored parameter values will be sent to the 

control room for display and alarming through redundant communication links. 

However, all control loops are closed at the remote processors. 

The operator interface with the facility will consist of CRT color graphics 

displays. These displays can be in the form of piping and instrumentation 
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diagrams, tabular lists, or other selected forms to effectively present the 

information needed by the operator. 

The operator will change set points, command valves to open or shut, start and 

stop motors, etc., by touching the screen or by using a keyboard. 

Main Console and Remote Racks 

The main console and remote racks comprise the key elements of this system. 

All software necessary to configure the system for the particular displays, 

data channels and controls required for the SP-lOO test facility will be 

supplied as part of the package. Provision will be made to accommodate 

approximately 500 input/output points. Redundant data link hardware and 

software will also be included in the procured equipment. 

The main console will be the primary interface between the operator and the 

facility. It will contain the hardware and software necessary to perform the 

following functions: 

0 Service requests for updated process data, as required, for inclusion in 

the current CRT display; 

0 Process alarm messages; 
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0 Initiate the transmission of commands to remote racks for changing set 

points, for digital outputs to two-state equipment such as valves, and 

for changing operating modes; 

0 Handle system configuration modification requests, such as the addition 

of a new sensor; 

0 Download operating control software to the remote rack processors; 

0 Handle all communications with other facility control system equipment; 

0 Service other operator and system requests as required by the facility 

control system specification; and 

0 Provide a common data base for control and operator monitoring functions. 

The main console will contain three color graphics operator control stations. 

During normal operations, these stations will control and monitor specific 

systems such as the test assembly, the secondary heat transport system, and the 

guard vessel cooling system. One control station will normally be reserved for 

alarm monitoring and annunciation. All stations, however, will be capable of 

taking over control of systems normally under the control cf any other station, 

in the event cf a station malfunction. 
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In order to permit processing of test data at locations other than the test 

facility, mass storage devices will have removable media. The media will be 

either removable disk modules or magnetic tape reels. 

Remote Racks 

The remote racks, selectively distributed throughout the facility, will contain 

all the software and hardware, including process controllers, required to 

perform data input and control functions. The units will accept both analog 

and digital inputs from the process systems, perform predetermined control 

algorithms, and supply analog and digital outputs to the process. 

A preliminary estimate of the number and type of inputs and outputs indicates 

that there will be three remote racks. One of these will be located in an area 

near the secondary heat transport system dump heat exchanger. The other two 

will be located inside the containment structure. One of these will contain 

the special test assembly control and monitoring hardware to be supplied by GE, 

as well as the equipment to interface that hardware with the facility control 

system. The second one will service the remainder of the systems inside 

containment. 

Selected analog and digital inputs will be provided with redundant hardware and 

software so that a failure cf one side will allow the redundant side to 

automatically assume control. Provision will also be made to allow switching 

from automatic to manual control of selected process channels. 
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Analog and digital data inputs will be transmitted by the communications link 

to the database at the main console for use in control and monitoring by the 

operator. All control loops will be closed, however, at the remote racks. 

Control will continue even if both data links are severed. 

A separate liquid metal piping trace heat control system will be provided, with 

an operator station in the control room. This was expedient because the 

specialized functions performed by this system do not require some of the more 

sophisticated features of the main control system, and it can, therefore, be 

less costly. It is also much more ergonomically effective during test 

operations. The trace heat system will otherwise be the same type of modern 

equipment as is the main system. 

CONCLUSIONS 

Commercial microprocessor based control systems have been in use in the process 

industry for many years and have undergone many improvements as a result of 

this operating experience. They have become very reliable, as evidenced by 

their use in process industries where downtime is measured in dollars, and in 

the nuclear power plants. 

The availability of this commercially proven equipment makes it possible to 

maintain an aggressive SP-ICO Test Site schedule by providing the flexibility 

necessary to accommodate change. In the past, panel designs were fixed, and 

changes in operating modes required expensive and time consuming modifications 
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to panel mounted hardware. With modern hardware and software, these changes 

are easily accomplished by an engineer at a keyboard. 

Another major advantage involves the connection of sensor and actuator cables 

to input and output modules at a location close to the process being 

controlled. It is' necessary to run only a few cables all the way into the 

control room. The data highway can be redundant so that loss of one cable such 

as by severing will not discontinue communications with the control room. 

Finally, the Test Site control system is not permanently "test specific". A 

future program involving a different mission could be accommodated in a very 

cost effective manner with a minimum of hardware modification. 
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